Introduction

56
The planet's oceans are changing at an unprecedented rate (1); over the past half-57 century average sea surface temperatures have been increasing by 0.1 ºC per decade (2) and 58 are projected to rise by a further 3ºC or more by the end of the century (3). Ocean warming is 59 thought to be a key driver of recent declines in phytoplankton productivity (4-6), and models 60 of marine biogeochemistry predict further reductions in productivity over the 21st century as Ocean warming is expected to result in major reorganisation of marine phytoplankton 69 communities as temperatures exceed the thermal optima of some species but not others. In To address this fundamental knowledge gap we carried out a large-scale experiment 77 to investigate the physiological mechanisms that set the limits of thermal tolerance in marine Supplementary Information : additional text, S1, for further discussion).
107
To determine the physiological processes that shape the thermal tolerance curves, in 
153
The carbon-use efficiency (CUE = 1-R/P), is an estimate of the fraction of 154 photosynthetic energy (P) that can be allocated to growth after accounting for respiration (R).
155
Recent work on both marine and freshwater phytoplankton species suggests that declines in
156
CUE at high temperature may be linked to impaired performance at supra-optimal temperatures in a manner that was highly conserved among the 18 species investigated. We 224 also found that the optimal temperature for growth coincided with, or was lower than, an best characterised the data. Growth rates derived for each technical replicate at each growth 267 temperature were then used to determine the thermal tolerance curves (Fig.1A) .
268
Estimates of Cell Carbon and Nitrogen
269
For each species, an exponentially growing culture from the 20°C stock was divided into 3 photoinhibiton model to the data using non-linear least squares regression (as described 316 above) (33, 34):
Where ( ) is the rate of net primary production at light intensity, , is the 319 maximum rate of at the optimal light intensity, , and is the rate in which 320 increases up to .
321
Light saturated gross primary production (P) was then calculated for each assay temperature 322 as:
To investigate the effect of light limitation on the temperature dependence of photosynthesis 325 we used Eq. 2 to determine the predicted at half the light saturated irradiance (0.5 ×
326
). Thus replacing in in Eq. 3 with this prediction we derived 0.5 , a light limited 327 value of gross primary production at half the saturating irradiance for each assay temperature 328 response.
329
Metabolic rates were then converted from units µmol O 2 mL -1 s -1 to µg C µg C -1 hour -1 . We 330 achieved this using the following equation:
Where is the metabolic rate (either P or R), 32 is the molecular weight of O 2 , is a species will be equal to n/n+2 (35). Our calculated values of M ranged from ~0.71 to ~0.89 (Table 3, 343 SI).
344
Quantifying the thermal response curves
345
The thermal response curves for rates of growth, photosynthesis (at both saturated and half 346 saturated irradiance) and respiration were quantified using a modified version of the Sharpe- for the species in order to fit the model.
380
Quantifying the carbon-use efficiency and modelling the break-point temperature
381
The carbon-use efficiency (CUE) was calculated as:
Due to the non-linear temperature response of the CUE, with accelerated declines at high- (Table 2 , SI). The 516 bold horizontal line corresponds to the median value, the top and bottom of the box correspond to the 517 75 th and 25 th percentiles and the whiskers extend to the largest and smallest values no greater or less 518 than 1.5 × the interquartile range, beyond which the points are plotted as outliers. 519 (Tables 4 and 5 , SI). The bold horizontal line corresponds to the 531 median value, the top and bottom of the box correspond to the 75 th and 25 th percentiles and the 532 whiskers extend to the largest and smallest values no greater or less than 1.5 × the interquartile 533 range, beyond which the points are plotted as outliers. 534
